Abstract: Business process reengineering (BPR) assists organisations in improving their internal functions to better achieve their business objectives. Various methodologies have been developed for applying BPR, through which organisational processes are identified, analysed, and improved. However, the need still remains for custom methodologies which are tailored to fit the specific characteristics of organisations and BPR projects. Process patterns are abstract representations of common and effective processes that can be reused as method parts for building custom methodologies; an approach that is commonly referred to as situational method engineering (SME). This study aims to use SME in the context of BPR by proposing a collection of cohesive process patterns for BPR; these process patterns have been extracted through studying prominent BPR methodologies and abstracting their similarities. The patterns have then been organised into a generic framework for BPR methodologies. A method for using the framework has also been presented which prescribes a process for selecting suitable process patterns and adding them to a core process to yield a bespoke BPR methodology. This flexible framework forms a knowledge base that is not only useful for improving BPR practices, but also provides a basis for future research in this context.
Introduction
In recent years, methodologies for business process reengineering (BPR) and business process improvement (BPI) have played an important role in improving organisational structures and processes, depending on the level of improvement intended: radical or incremental [1, 2] . Although a myriad number of methodologies have been proposed and utilised for applying BPR in organisations, they tend to neglect the specific characteristics of organisations and BPR situations, and quality suffers as a result. Two decades after the reviews reported in [3] , there is still no general methodology that can be used in all contexts, and BPR planners are often confused as to which methodologies are best suited to their projects. Situational method engineering (SME) [4] , the discipline focusing on developing bespoke methodologies for software development projects seems a promising means for addressing this problem, as it has already been used in similar contexts; examples include the process configuration approach proposed in [5] , the IT process engineering approach introduced in [6] , and the framework proposed in [7] for reengineering software development methods. SME can thus help organisations develop BPR methodologies that fit their particular needs.
A pattern describes a proven solution to a common problem. Similarly, process patterns describe successful activities and techniques. Process patterns were initially defined as patterns of activity within an organisation [8] , but were later redefined in the context of software development as 'successful proven approaches or series of actions for developing software' [9] . A comprehensive collection of process patterns has been proposed for object-oriented software development [9, 10] ; in this collection, process patterns are categorised into three groups according to their granularity: Phase, stage and task. A task process pattern defines the steps required for executing a specific fine-grained task in a project; a stage process pattern consists of several task patterns which are executed as steps in a project stage; and a phase process pattern is a coarse-grained activity of the lifecycle consisting of interacting, iterative stage patterns.
Process patterns capture the knowledge and experience gained in a particular process context (such as software engineering or BPR).
Phase process patterns constitute a general lifecycle (framework) for the process context, and they are in turn divided into finer-grained stage and task process patterns. Generic process frameworks have thus been constructed for agile software development [11] , aspect-oriented development [12] , and component-based development [13] . A specific, custom process can be generated by instantiating this framework and its constituent phase, stage, and task process patterns. Process patterns can thus be utilised as components for assembly-based SME [14] , in which pattern instances are used as method parts, assembled to form methodologies that address the specific requirements of the project situation at hand. Process patterns can be stored in repositories to be used as method parts [15, 16] : As an example, OPFRO [17, 18] provides a comprehensive repository of method components, most of which are process patterns.
The pattern-based SME approach described above can also be used for developing BPR methodologies. To this aim, we propose a collection of process patterns elicited from BPR frameworks and methodologies. These patterns have been organised into a generic process framework for BPR processes, which we have chosen to call the business process reengineering process (BPRP). BPRP and its constituent process patterns can be entered into a computeraided method engineering (CAME) tool [19] [20] [21] to facilitate the assembly of custom BPR methodologies. We have also explored the applicability of each pattern in specific project situations: A set of situational requirements influencing the selection of BPR patterns has been identified and mapped to the patterns; this has resulted in the development of a set of guidelines and a process for the application of BPRP for engineering BPR methodologies. Our proposed method for situational engineering of bespoke BPR methodologies (consisting of BPRP and the process for its application) has been evaluated by a number of analysis methods, and also through application to an industrial project; the results have highlighted the merits and applications of the proposed method.
The rest of this paper is organised as follows: Section 2 reports on previous research, introduces the proposed framework (BPRP), provides detailed descriptions for its constituent process patterns, and presents a process for applying the framework; in Section 3, we report on the results of applying the proposed method to an
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Review Article industrial project; the validity of the proposed method is evaluated in Section 4; in Section 5, the contributions/limitations of the method are discussed; and Section 6 presents the conclusions and suggests ways for furthering this research. The procedure that we have used for developing our proposed method has been derived from the PattCaR method [22] . By following the three steps prescribed by this procedure (shown in Fig. 1 ), we have first reviewed and selected a set of existing BPR frameworks and methodologies to serve as pattern sources; we have then elicited the target process patterns from these frameworks and methodologies, and have organised the patterns into a high-level framework (BPRP); as the final step, we have developed a process for applying this framework for constructing custom BPR methodologies.
The following sections contain detailed accounts of the activities performed in each of the above steps. The final product is our proposed SME method, which consists of two parts: (i) The proposed framework of BPR process patterns (BPRP); and (ii) a process for applying BPRP to engineer BPR methodologies.
Identifying and reviewing the sources of process patterns
Previous BPR research has been explored to identify a set of BPR methodologies and frameworks to be used as pattern sources. Only those frameworks and methodologies have been selected that: (i) are widely known and adopted; (ii) offer new and novel features; and (iii) provide adequate coverage of BPR activities. The selected BPR frameworks and methodologies are shown in Table 1 (Methods 1-15). In addition to BPR methodologies and frameworks, we have also included two BPI methodologies (Methods 16 and 17 in Table 1 ); BPI is an approach for continuous enhancement of operational processes through the use of streamlining techniques. The two selected BPI methodologies include activities that can also be used for BPR purposes.
Delivering patterns
This step is concerned with extracting the target process patterns and organising them into a generic process framework for BPR. We will first introduce our proposed BPR framework (BPRP), and will then provide detailed descriptions for its constituent process patterns.
BPRP consists of six high-level phase process patterns ( Fig. 2) : Envision, initiate, diagnose, redesign, implement redesigned processes, and roll out the redesigned processes. In the Envision phase, the need for executing a reengineering project is investigated. In the Initiate phase, the necessary preconditions are fulfilled so that the project can be started. In the Diagnose phase, analysis is performed on organisational processes, and suggestions are formed for redesign. Models of the suggestions are produced and validated in the Redesign phase. The main goal of the implement redesigned processes phase is to create plans and organisational prerequisites for implementing the redesigned processes. The new processes are implemented in the roll out the redesigned processes phase. Umbrella activities are also considered in BPRP (depicted on the arrow at the bottom of Fig. 2) .
Throughout the rest of this section, details will be provided for the process patterns that constitute the proposed BPRP. Some patterns are designated as optional, as they are not supported by most BPR methods; these patterns will only be mentioned without further elaboration.
Phase 1 -envision:
The aim of this phase is to identify the BPR needs of the organisation and to establish readiness in the organisation for the BPR project. The organisation investigates existing business process strategies and reviews the business processes for obtaining goal improvement and IT opportunities. The activities performed in this phase are explained below. Stage 2 -Establish organisational readiness: The aim of this stage is to establish readiness in the organisation for implementing a BPR project. The tasks include the following: † Task 1: Establish management commitment. † Task 2: Communicate and introduce BPR. The goals of the BPR project are explained to the people involved, and employees are educated as to the realities of BPR, thus mitigating the risks involved [27, 32] . † Task 3: Launch the steering committee. A committee of senior managers and departmental representatives is formed to define the reengineering strategy of the organisation. This committee determines the priorities, conducts resource allocation, and helps reengineering teams in analysing the problems [24, 28, 35] .
Phase 2 -initiate:
In this phase, the differences between the current organisational situation and the desirable one are identified and translated into top-level goals that shape the strategic plan of improvement. Moreover, a business case is produced based on the goals and estimated costs. The stages are explained below.
Stage 1 -Establish team(s):
The tasks include the following: † Task 1: Define methodology, methods and tools to be used in the project. The BPR methodology and techniques, business process analysis and redesign tools, and communication tools are specified [28] . † Task 2: Conduct project planning. Planning is performed based on the hardware and software requirements [26] . † Task 3: Stakeholder analysis. External process requirements [23, 26] are determined, and interviews, questionnaires and market investigation techniques are used for analysis of customer demands [26] . † Task 4: Establish objectives, scope and mode of BPR. Measureable business goals are defined, and metrics and means are defined for assessing their satisfaction [25] . The scope of the BPR effort and the mode (incremental or radical) are also determined (e.g. by using benchmarking [34] ).
Stage 3 -Formulate business case: The tasks include the following:
Task 1: Identify core business processes to be redesigned. A subset of the processes, which is most valuable to the stakeholders, is chosen for the BPR effort [30, 31] . Task 2: Prioritise core business processes based on business priority and redesign urgency (optional task). Task 3: Establish project business case. A business case is developed for the BPR project based on the five main factors of cycle time, cost, quality, asset utilisation, and generated revenue [25] . The top-level view of the core processes is defined and modelled, and structured interviews are performed with process agents. Detailed specifications of the processes are produced [25] . The tasks include the following: † Task 1: Map Process. Process mapping is performed as a method for obtaining a graphical view of the process situation [25] . The RESCUE method can be used for capturing information on current business processes [36] . † Task 2: Prepare documentation and descriptions on existing process (optional task). † Task 3: Create models. The main goal is to model the different aspects (technological, human, and macro-organisational) of the relevant as-is processes [26] . Activity models, process models [33] , conceptual and formal models [27] , workflow models [26] , and i* models [37] can be used for this purpose. † Task 4: Verify models. The validity and accuracy of the models is verified through reviews conducted by the stakeholders, or by applying consistency checking methods (such as those used in PRiM [36] ). † Task 5: Confirm models (optional task).
Stage 2 -Business analysis: The business models that were produced in the previous stage are scanned for problems that might necessitate process reengineering [25] . Techniques such as simulation, activity-based costing (ABC), and critical path analysis (CPA) are used for analysing the as-is processes [25, 33] . Group discussions are then conducted, resulting in suggestions for process improvement [40] . KAOS patterns [36] can be used for analysing and verifying the as-is models. The tasks include the following: † Task 1: Measure existing processes. Process efficiency is measured according to criteria such as cost, quality, time, and customer feedback. † Task 2: Discover factors that result in higher costs and lower quality. Non-value-adding, disconnected and inconsistent activities are identified [25] . † Task 3: Assess processes. Processes are analysed through the identification of their strengths and weaknesses, and targeted investigation is performed by benchmarking the processes of industrial leaders [32, 33] , interviewing employees and managers, and identifying internal/external opportunities and threats [28] . † Task 4: Assess technology. Processes are scrutinised for determining IT requirements. The IT infrastructure required for achieving the intended improvement is then selected, and its efficiency is evaluated.
Phase 4 -redesign:
In this phase, target processes are designed and evaluated. The stages are explained below.
Stage 1: Design to-be situation: The tasks include the following: † Task 1: Develop process design alternatives. The team may decide to develop new processes or modify existing ones [25] . Based on process design principles [33] , alternatives are typically identified and modelled through brainstorming and creativity-boosting techniques [23, 36] . † Task 2: Review new design and change proposals. A review is performed to make sure that the new design can achieve the strategic goals and is compatible with the HR and IT architectures [23] ; checking the consistency of the alternatives is also performed in this task [36] . † Task 3: Document and detailed-design new processes. Based on the top-level model produced, detailed design of the new processes is performed, resulting in models of the new activities ('to-be' models). † Task 4: Analyse and design information system (IS). The IS and enabling technology architecture are designed [41] . † Task 5: Redefine HR structure. Roles and responsibilities are reviewed and revised [41] . Stage 2: Validate to-be processes: The tasks include the following: † Task 1: Validate/evaluate new processes. The completeness and efficiency of the to-be processes is verified (through goal and efficiency validation [25] ), and a feasibility study is performed [32] . Simulation, CPA, ABC, and cycle time analysis techniques are typically used for analysing the efficiency of the to-be design. † Task 2. Obtain approval-for-change from organisational decision-makers (optional task). † Task 3: Select new processes for implementation. The best scenarios of the to-be situation are chosen through structural analysis [36] , trade-off analysis, and also through analysing the results obtained from task 1 [33] . † Task 4: Designate process owners. Owners are specified for the processes that will be reengineered. Table 2 lists the patterns which constitute the BPRP framework. Each pattern has been assigned a designator which will be used as an index for referring to it in later sections.
Reusing patterns
In assembly-based SME, the focus is on building the target methodology (or improving an existing methodology) by reusing method parts [14] . To this aim, a repository of method parts is used; suitable method parts are selected from this repository and assembled based on the requirements (situational factors) of the project. The BPR process patterns proposed in this research can be used as method parts for constructing bespoke BPR methodologies. In this section, a process will be presented for selecting and assembling these process patterns to address the situational factors. The process, shown in Fig. 3 , relies on a base methodology as the core process: The selected method parts will be added to this core to yield the target methodology.
2.3.1 Work-stage 1 -Specify BPR method requirements and assign values to BPR situational factors: BPR situational factors are the characteristics by which BPR projects are defined [42, 43] ; examples include: Project radicalness, and motivation of staff. There are certain rules for situational factors that should be observed [44] , including:
(i) The number of factors should be small, so that determining their values does not become overly complex.
(ii) The dependencies among factors should be clearly defined.
(iii) The people involved in the project should agree on the weights and values given to these factors.
The following categories can be identified for BPR situational factors (as shown in Table 3 ): Fig. 4 Example of an indicator function and rule for mapping situational factors to method parts (i) Cultural factors: Factors related to human-related and social changes, and also cultural adjustments that facilitate the ultimate introduction of newly designed processes and structures into the workplace.
(ii) Management competence factors: Management factors which guarantee that BPR efforts will be implemented in the most effective way. 
Work-stage 2 -select BPR method parts:
After identifying and determining the values of situational factors for the project at hand, the next step is the selection of appropriate method parts (process patterns). For this purpose, the multi-criteria technique [45] is used: Based on the values obtained for the situational factors, and according to the mapping of situational factors to process patterns (shown in Table 3 ), suitable process patterns are identified and added to the base methodology. In Table 3 , if the value of a factor is equal to the underlined value, then the proposed tasks will be added to the base methodology to address the situational factor.
As an example, we will look into the 'Effective communication between internal and external stakeholders' factor [42] . As shown in Table 3 , to properly address this situational factor, it is recommended that support be provided for the 'communicate and introduce BPR' process pattern (EOR2 in Table 2 ); therefore, this process pattern should be added to the base methodology. Furthermore, certain umbrella activities should also be added, including: 'people management' (UA3) and 'communication and change management' (UA5).
To make the above technique implementable, we have developed indicator functions and rules for associating the values of the situational factors to the related method parts. The implementation of the above example has been demonstrated in Fig. 4 , using the special indicator function developed for this purpose. These indicator functions have been used in our proposed tool (which will be introduced in a later section).
Other approaches can also be used for selecting the method parts, including the MAP approach [14] , and the Deontic matrix approach [46] . These approaches can be used in lieu of, or as complements to, the multi-criteria technique used in our proposed approach.
2.3.3
Work-stage 3 -add selected method parts to the base BPR methodology: On the basis of the process improvement method proposed by Harbour [47] , the basic BPR principles introduced in [42, 43] , and the common structure of the BPR methodologies that have emerged so far, we have constructed a base methodology for BPR which consists of a minimal set of stages and tasks. We have developed the base methodology by pruning the BPRP framework (Fig. 3) . The stages of the base methodology and their constituent tasks are shown in Fig. 5 . The tasks of the base methodology are minimal in the sense that they are the smallest subset of tasks (from among those defined in the BPRP framework) that cover the success factors of BPR projects (these factors will be explained in Section 4.2). The stages and tasks of the base methodology, and the reasons behind their inclusion, are explained below: Fig. 6 Steps of the case study IET Softw., 2016, Vol. 10, Iss. 2, pp. 27-44 34 † Establish management commitment: Management commitment and support has a significant impact on reengineering projects, so much so that it is considered a prerequisite for commencing such projects in all BPR methodologies. † Organise reengineering team(s): Conducting the reengineering project is the responsibility of one or more specialised teams; naturally, forming the team(s) is an essential activity in all methodologies. † Establish objectives, scope and mode of BPR: BPR projects invariably start with objective-setting, thereby specifying the scope and method of operation. † Establish project business case: BPR projects are considered unjustifiable without a business case. † Map process and assess process: The first step in any process reengineering effort is to collect and display an intuitive (phenomenological) graphical display of the process situation and its evaluation. † Devise process design alternatives and validate/evaluate new processes: To redesign processes, these two tasks are required as a minimum. † Evolve transition plans and train users, and implement process management and measurement system: After redesigning, it is natural to implement the redesigned process. In BPR, implementation typically begins with transition planning and user training. At the same time, the process management and measurement system should be implemented. † Prototype and simulate transition plans: Simulation and prototyping are typically required at the following levels: † As-is processes: According to the model developed of the current business and the data collected, a steering committee can identify the problems afflicting the current business process. This is typically performed via simulation or analysis. Table 5 Realisation of proposed process patterns in twelve prominent methodologies IET Softw., 2016, Vol. 10, Iss. 2, pp. 27-44 36 † To-be processes: The impacts of the proposed and alternative processes are typically examined through prototyping and simulation. This activity is therefore considered a main requirement of the base methodology. Simulation is typically applied to measure the performance of the redesigned process and also to evaluate the feasibility of implementation prior to resource assignment [48, 49] . † Full implementation: Having fulfilled all the prerequisites, implementation is the logical next step. † Review new processes and methodology: As in any development/ reengineering effort, the new processes should be reviewed and validated after implementation.
Process patterns (method parts) are added into their respective phase, stage, or task in the base methodology; the exact extension point is determined by referring to BPRP, as it specifies the location and role of each process component in the overall process.
BPRP framework in practice
We have demonstrated the applicability of the proposed framework by applying it to a real-world project (as a case study), in which a BPR methodology was developed from scratch for an Iranian Table 6 Classification of BPR success factors [42, 43] IET Softw., 2016, Vol. 10, Iss. 2, pp. 27- 44 37 petroleum company. The department involved in the project provides hardware, automation, network, and software support services to other departments. The construction of the target BPR methodology helped further refine the proposed patterns and situational factors. The steps of the project are shown in Fig. 6 . The values of the situational factors pertaining to the target process, and the process patterns elicited for each, are shown in Table 4 . The constructed process was presented to and approved by the experts and managers of the organisation.
The method-chunk selection and addition stages of the process were performed by using a tool which we have developed for this purpose. The tool (which we have chosen to call: 'Situational BPR Method Assembler') is a plug-in for the Eclipse process framework composer (EPFC) [50] . The tool facilitates the semi-automatic construction of bespoke BPR methodologies based on BPRP. Values of the situational factors are entered via five input screens (one for each category of situational factors). Process patterns (method parts) are then extracted by the tool based on the mappings (indicator functions and rules) which associate the values to the process patterns required. The tool then constructs the target process through adding the extracted process patterns to the base methodology at the appropriate places (according to BPRP).
Validation of proposed BPRP framework
In addition to using the framework in an industrial context, the proposed BPRP framework and patterns have also been validated by the following three methods, each of which will be explained in the following sections:
(i) Mapping the tasks of the BPRP framework to existing BPR methodologies.
(ii) Mapping the tasks of the BPRP framework to the typical requirements of BPR endeavours.
(iii) Criteria-based analysis of the BPRP framework. 
Validation by mapping BPRP tasks to BPR methodologies
To demonstrate that BPRP provides adequate coverage of BPR activities, twelve major BPR methodologies have been used as test-beds: The phases of these methodologies were mapped to the proposed process patterns to show that none of the features and activities prescribed by existing BPR methodologies has been overlooked in BPRP. These particular methodologies were chosen because their processes cover a wider span of BPR activities. Table 5 shows how the patterns are realised (manifest) in these twelve methodologies; it can be observed that BPRP completely covers the BPR tasks of the twelve methodologies. 
Validation by mapping BPRP tasks to BPR requirements
This method aims at validating BPRP by showing that it satisfies the typical requirements of BPR endeavours. To define a set of typical BPR requirements, the factors which lead to the success or failure of BPR projects should be identified. We have used existing categories of factors for this purpose [42, 43] , as shown in Table 6 . Table 7 shows how these requirements are addressed by BPRP.
Criteria-based analysis of the BPRP framework
The evaluation criteria were developed through an iterative refinement process, starting from an initial collection of basic criteria which were obtained through studying the relevant literature. This collection was then refined according to validation meta-criteria (i.e. criteria for evaluation of other criteria). Once the evaluation criteria were stabilised, they were applied to BPRP.
Generality, preciseness, comprehensiveness, and balance are the main validation meta-criteria used in the refinement process [51] ; however, to present a comprehensive and balanced collection of criteria, a number of complementary meta-criteria have also been defined. The final set of meta-criteria, as listed below, ensures that evaluation criteria possess the traits essential for evaluating processes effectively: (i) Preciseness: To effectively differentiate the similarities and differences of processes.
(ii) Clarity (simplicity): To enhance understandability and applicability of the criteria.
(iii) Minimum overlap: To minimise interdependencies among the criteria.
(iv) Generality: So that the criteria are applicable regardless of the type of the process being evaluated.
(v) Balance: To cover all of the three dimensions of processes (technical, managerial, and usage).
(vi) Comprehensiveness: So that the criteria address all of the important aspects of processes. To define a range of values for each criterion, a method similar to the Feature Analysis technique has been used [52] ; in this method, criteria are divided into four distinct types according to their evaluation values: † Scaled: Discrete levels of satisfaction are defined for these criteria, each with its own specification. † Enumerated: A list of possible values is defined for these criteria. † Simple: Two values are defined for these criteria, denoting satisfaction or non-satisfaction. † Descriptive: Evaluation results are in narrative form, describing the level of satisfaction in a non-formal manner.
The compiled set of criteria has been divided into four groups: Pattern-specific, General, BPR-specific, and SME-related. These groups will be explained in the following sub-sections.
4.3.1 Pattern-specific analysis criteria: To analyse the pattern features of BPRP (as prescribed by meta-criterion 7), we have collected a set of pattern-specific criteria by reusing the generic criteria of [12] . In addition, past experience in the field of process patterns has been applied in forming and refining these criteria [11] [12] [13] [53] [54] [55] . These criteria are listed in Table 8; this table also contains the results of applying the criteria to BPRP.
General methodology analysis criteria:
To analyse general methodology features (as prescribed by meta-criterion 8), the criteria proposed by Hesari et al. [55] have been refined and used. These criteria are listed in Table 9 ; the table also contains the results of evaluating BPRP based on these criteria. [42] have been studied for identifying the BPR-specific criteria listed in Table 10 ; this table also contains the results of evaluating BPRP based on these criteria.
SME-related analysis criteria:
The majority of the SME-related criteria introduced in [58] can be used to evaluate BPRP (as prescribed by meta-criterion 10). These criteria are listed in Table 11 ; the table also contains the results of evaluating BPRP based on these criteria.
Discussion
Various BPR methodologies have been proposed in the literature. However, there is no comprehensive framework that covers the whole BPR lifecycle and that prescribes all the relevant work-units at different levels of granularity (phases, stages, and tasks). The main contribution of this paper is presenting such a framework, and providing a systematic method for applying it for situational engineering in the context of BPR methodologies. The significant advantages of this framework include the following: (i) Attention to success and failure factors [42, 59] . Two limitations of this research should also be noted: (i) As BPRP has been developed based on a limited number of existing BPR methodologies, its richness and applicability depends on the status quo of the BPR domain; it should therefore be updated on a regular basis.
(ii) The proposed approach has been tried and tested in practice; however, it needs to be applied to different BPR projects in a variety of domains so as to be further refined and improved.
Conclusions and future work
We propose a collection of process patterns which constitute a BPR process framework, along with a process for applying these patterns for situation-specific engineering of BPR methodologies. A plug-in has been added to the EPFC environment to automate, enhance, and Table 10 BPR-specific methodology analysis criteria facilitate the use of the proposed framework (BPRP). Evaluation of BPRP shows that it adequately addresses the features expected from such a framework.
This research can be further extended by refining the fine-grained task process patterns. Consequently, the application of the proposed process framework and patterns in industrial-scale SME projects will be facilitated. Future research can focus on the extension of the proposed method base with new method parts according to the feedback received from methodology engineers, and the completion of the specification of method parts via specifying the roles engaged and the products produced in each. Furthermore, guidelines and situational factors can be extended based on the BPR orientation (improvement or reengineering) and the project type [60] . 
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